A Gram-stain-negative, aerobic, yellow-pigmented, flexirubin-negative, rod-shaped, non-motile and psychrophilic bacterial strain, PAMC 27237 T , was isolated from marine sediment of the Ross Sea, Antarctica. Strain PAMC 27237 T grew at 0-20 6C (optimally at 17 6C), at pH 5.0-9.5
The genus Algibacter, a member of the family Flavobacteriaceae, was first described based on the species Algibacter lectus (Bernardet et al., 2002; Nedashkovskaya et al., 2004; Bernardet & Nakagawa, 2006) . At the time of writing, the genus Algibacter encompasses ten recognized species in the List of Prokaryotic Names with Standing in Nomenclature (Parte, 2014) . The type strains of all species of the genus were isolated from marine environments such as seawater, algae, urchin or marine sediments. Algibacter aestuarii, A. agarilyticus, A. agarivorans, A. aquimarinus and A. pectinivorans were isolated from seawater (Yi et al., 2011; Park et al., 2013a, b, c) , and A. lectus, A. mikhailovii, A. miyuki, A. undariae and A. wandonensis were isolated from green algae, sea urchin, brown algae or sediments from a brown algae reservoir (Nedashkovskaya et al., 2004 (Nedashkovskaya et al., , 2007 Park et al., 2013d, e; Yoon & Park, 2013) . The genus Algibacter is characterized as being Gram-stain-negative, aerobic, rod-shaped, non-motile, and yellow-or orangepigmented and includes members such as A. agarivorans, A. agarilyticus, A. lectus and A. mikhailovii with agarolytic activity (Nedashkovskaya et al., 2004 (Nedashkovskaya et al., , 2007 Park et al., 2013c) . In this study, bacterial strain PAMC 27237 T was isolated from Antarctic marine sediment and subjected to a polyphasic taxonomic analysis. On the basis of the data presented, strain PAMC 27237
T is considered to represent a novel species of the genus Algibacter.
Sediment samples were collected at a depth of 156 m in the Ross Sea in the Southern Ocean (74 u 389 46.200 S 164 u 139 24.600 E) on 6 February 2011 by using a box corer. The sediment samples were suspended in 20 % glycerol and preserved at 280 u C until use. For cultivation, a serially diluted aliquot (100 ml) of the sample suspension 3These authors contributed equally to this work.
was spread on marine agar (MA; BD Difco) plates and incubated at 10 u C for 15 days. In total, 12 colonies belonging to the genera Algibacter, Loktanella, Octadecabacter, Psychroserpens, Sulfitobacter and Winogradskyella were isolated (Lee et al., 2014) and all strains were preserved as glycerol suspensions (20 % in distilled water, v/v) T retrieved from whole genome sequences was compared with those of all type strains in the EzTaxon-e database (Kim et al., 2012) and aligned with those of type strains showing high similarities using the PHYDIT (ver. 3.2) program. Phylogenetic trees were reconstructed using three tree-making algorithms, neighbour-joining (Saitou & Nei, 1987) and maximum-parsimony (Fitch, 1971 ) using PAUP (ver. 4.0) (Swofford, 2002) and maximum-likelihood (Felsenstein, 1981) using PhyML (ver. 3.0) (Guindon & Gascuel, 2003) . The robustness of the tree topologies was assessed by bootstrap analyses based on 1000 replications of the sequences. Comparison of 16S rRNA gene sequences showed that strain PAMC 27237 T was closely related to the type strains of A. agarivorans (97.2 % similarity), A. agarilyticus (97.0 %), A. mikhailovii (96.4 %), A. aestuarii (96.0 %), A. wandonensis (96.0 %), A. miyuki (96.0 %), A. undariae (96.0 %), A. lectus (95.7 %), A. pectinivorans (95.5 %) and A. aquimarinus (94.8 %). In phylogenetic trees inferred using the three tree-making algorithms, strain PAMC 27237
T formed a clade with the type strains of A. agarivorans and A. agarilyticus and was separated from other genera in the family Flavobacteriaceae, indicating that strain PAMC 27237
T is a member of the genus Algibacter (Fig. 1) .
Genome relatedness was investigated by whole genome sequencing of strain PAMC 27237 T and the type strains of its closest relative Algibacter species, namely A. agarivorans KCTC 23855
T and A. agarilyticus KCTC 23857 T . Genomic DNA was extracted using a DNeasy Blood & Tissue kit (Qiagen) and genome sequencing was performed using the MiSeq sequencer system (Illumina) at Chun Lab, Inc (Seoul, Korea). The degree of pairwise genome-based relatedness was estimated by both an average nucleotide identity (ANI) value following the BLAST-based ANI calculation method described by Goris et al. (2007) , and the genome-to-genome distance calculation (GGDC) method described by Auch et al. (2010) . The genomic DNA G+C content was directly calculated from its genome sequence. Details of the draft genomes for strain PAMC 27237 T and the two reference strains are summarized in Table S1 . The ANI values calculated for estimation of the degree of pairwise genome-based relatedness between strain PAMC 27237 T and the type strains of A. agarivorans and A.
agarilyticus were 83.1 and 84.2 %, respectively (Table S2) and this level is well below the ANI cut-off values (95-96 %) proposed for delineating bacterial species (Goris et al., 2007; Richter & Rosselló -Mó ra, 2009 The temperature range and optimum for growth were determined by culturing strain PAMC 27237
T and the two reference strains in marine broth (BD Difco) at different temperatures (0, 4, 10, 15, 17, 20, 22, 25, 30 and 37 u C) for 14 days. A. agarivorans KCTC 23855
T and A. agarilyticus KCTC 23857
T grew at 0-25 u C and strain PAMC 27237
T grew at 0-20 u C. The pH range and optimum for growth were determined in artificial seawater (ASW) medium (Choo et al., 2007) supplemented with 0.5 % peptone and 0.1 % yeast extract at pH 5.0-10.0 (at intervals of 0.5 pH units). pH was adjusted using the following buffering systems: MES, pH 5.0-6.0; MOPS, pH 6.5-7.0; HEPES, pH 7.5-8.0; Tris, pH 8.5-9.0; and CHES, pH 9.5-10.0. Salt tolerance tests were carried on ASW medium supplemented with 0-3 % (at intervals of 0.5 %), 4, 5, 7.5, 10 and 15 % (w/v) NaCl. The growth of each culture was assessed by measuring the optical density at 600 nm (EnVision plate reader; PerkinElmer) daily for up to 15 days. The presence of flexirubin-type pigments was determined by the bathochromatic shift test with 20 % KOH solution. Catalase activity was tested with 3 % H 2 O 2 and oxidase activity was determined using tetramethyl-p-phenylenediamine according to the methods described by Kovacs (1956) . Hydrolysis was tested on MA supplemented with Tweens 20, 40, 60 and 80, starch, CM-cellulose, chitin, dextran and xylan (each at 1 %, w/v). Agarolytic activity was detected as the hollow zone around colonies after staining with 5 % iodine solution and depression of the agar medium. Other biochemical activities of strain PAMC 27237 T were determined by using API 20NE, API ZYM and API 50CH kits (bioMérieux) according to the manufacturer's instructions except that bacterial strains were suspended in ASW medium. Susceptibility to the following antibiotics was analysed by the disc diffusion method (per disc): ampicillin (10 mg), chloramphenicol (30 mg), erythromycin (15 mg), gentamicin (10 mg), kanamycin (30 mg), nalidixic acid (30 mg), rifampicin (30 mg), tetracycline (30 mg) and vancomycin (30 mg). The morphological, physiological and biochemical characteristics of strain PAMC 27237 T are described in Fig. S1 , Table 1 and the species description. Among a number of physiological characteristics, the temperature range, optimal temperature and salt requirement for growth of strain PAMC 27237 T were notably different. The temperature range for growth of strain PAMC 27237
T was 0-20 u C while A. agarivorans KCTC 23855 T and A. agarilyticus KCTC 23857 T were able to grow at up to 25 and 30 u C, respectively. Salt tolerance for growth of strain PAMC 27237
T was narrow compared with that of A. agarivorans KCTC 23855 T and A. agarilyticus KCTC 23857
T . In addition, acid production from a variety of substrates, enzyme activities, susceptibility to antibiotics and genomic data differentiated strain PAMC 27237
T from closely related type strains of the genus Algibacter, A. agarivorans KCTC 23855 T and A. agarilyticus KCTC 23857
T .
For analysis of cellular fatty acids, strain PAMC 27237 T and the two reference strains were grown on MA at 15 uC for 5 days. Cellular fatty acids were extracted as described by Sasser (1990) and were analysed according to the method described by the Sherlock Microbial Identification System version 6.1 (MIDI) using the TSBA6.1 database. The isoprenoid quinones extracted according to the method described by Minnikin et al. (1984) were separated by TLC and analysed by HPLC (Collins, 1985) . Polar lipids of strain PAMC 27237 T were extracted from lyophilized bacterial cells, separated using two-dimensional TLC and detected by spraying with the reagents molybdatophosphoric acid, ninhydrin, molybdenum blue, a-naphthol, Dragendorff's solution and Schiff's solution (Minnikin et al., 1984) . The major fatty acids (¢5 %) of strain PAMC 27237 T were iso-C 17 : 0 3-OH (10.8 %), C 17 : 0 2-OH (10.0 %), anteiso-C 15 : 0 (9.4 %), summed feature 3 (C 16 : 1 v6c/C 16 : 1 v7c) (6.7 %), iso-C 15 : 0 3-OH (6.3 %), anteiso-C 17 : 1 v9c (6.2 %), anteiso-C 15 : 1 A (5.8 %), iso-C 16 : 0 3-OH (5.6 %) and iso-C 15 : 1 G (5.0 %) ( Table 2 ). Overall profiles of fatty acids of the three strains were similar, while the high content of anteiso-C 17 : 1 v9c (6.2 %) compared with that of A. agarivorans KCTC 23855 T (1.2 %) and A. agarilyticus 23857 T (0.7 %) was a distinguishing characteristic. MK-6 was the only menaquinone present in strain PAMC 27237 T . The polar lipids of strain PAMC 27237 T consisted of phosphatidylethanolamine (PE), two unidentified aminolipids (AL1, AL2), four unidentified lipids (L1-L4) and a glycolipid (GL) (Fig. S2) . This composition was similar to those of A. agarivorans KCTC 23855 T and A. agarilyticus KCTC 23857
T with respect to the presence of phosphatidylethanolamine, unidentified aminolipids and unidentified lipids . However, the presence of a glycolipid in strain PAMC 27237 T distinguished it from the reference strains. Overall, strain PAMC 27237 T formed a phylogenetic clade with the type strains of two species of the genus Algibacter, A. agarivorans and A. agarilyticus (Fig. 1) . However, genomic data, and physiological characteristics such as temperature range and optimal temperature, salt tolerance, acid production from a variety of substrates, enzyme activities and susceptibility to antibiotics differentiated strain PAMC 27237
T from A. agarivorans and A. agarilyticus. Therefore, T ; 3, A. agarilyticus KCTC 23857 T . All data were obtained in this study. All strains were non-motile, rod-shaped, yellow-pigmented, flexirubin-negative and aerobic, and have MK-6 as a major isoprenoid quinone. All strains were positive for the following characteristics: reduction of nitrate to nitrite; hydrolysis of aesculin and starch; presence of oxidase, catalase, alkaline phosphatase, esterase (C4), leucine arylamidase, valine arylamidase, acid phosphatase, naphthol-AS-BI-phosphohydrolase and a-mannosidase; and acid production from aesculin ferric citrate and glycogen. All strains were negative for the following characteristics: (7) 5-9.5 (7) 5-9.5 (7-7.5) NaCl range (optimum) (%) 0-3.5 (1.5-2.5) 0-6 (1-4) 0-6 (0.5-3.5) Hydrolysis of agar 2 + + Assimilation of:
33.5 33.3 33.0 *Growth temperature range was 10-28 u C for A. agarivorans KCTC 23855 T and 10-30 u C for A. agarilyticus KCTC 23857 T according to the results of Park et al. (2013c) . DpH range (optimal pH) was 6-11 (7-8) for A. agarivorans KCTC 23855 T and pH 6-11 (7-8) for A. agarilyticus KCTC 23857 T according to the results of Park et al. (2013c) . dDifferent results from those of Park et al. (2013c) .
Y.-J. Jung and others strain PAMC 27237 T is considered to represent a novel species of the genus Algibacter, for which the name Algibacter psychrophilus sp. nov. is proposed.
Description of Algibacter psychrophilus sp. nov.
Algibacter psychrophilus (psy.chro9phi.lus. Gr. adj. psychros cold; Gr. adj. philos liking, loving; N.L. masc. adj.psychrophilus cold-loving).
Cells are Gram-stain-negative, aerobic, yellow-pigmented, oxidase-and catalase-positive, non-motile, non-gliding, flexirubin-negative and rod-shaped. Colonies are circular, convex and glittering on MA plates after 7 days of incubation at 15 u C. Growth occurs at 0-20 u C (optimum, 17 u C), at pH 5.0-9.5 (optimum, pH 7.0) and in the presence of 0-3.5 % (w/v) NaCl (optimum, 1.5-2.5 %). Starch is hydrolysed, but Tweens 20, 40, 60 and 80, agar CM-cellulose, chitin, dextran and xylan are not. In the API 20NE system, nitrate is reduced to nitrite, aesculin is hydrolysed and D-glucose is assimilated. In the API ZYM system, alkaline phosphatase, esterase (C4), leucine arylamidase, valine arylamidase, acid phosphatase, naphthol-AS-BI-phosphohydrolase and a-mannosidase are positive. In the API 50CH system, acid is produced from D-xylose, D-fructose, aesculin ferric citrate, cellobiose, starch and glycogen. Susceptible to chloramphenicol, erythromycin and rifampicin. The major cellular fatty acids are iso-C 17 : 0 3-OH, C 17 : 0 2-OH, anteiso-C 15 : 0 , summed feature 3 (C 16 : 1 v6c/C 16 : 1 v7c), iso-C 15 : 0 3-OH, anteiso-C 17 : 1 v9c, anteiso-C 15 : 1 A, iso-C 16 : 0 3-OH and iso-C 15 : 1 G. The major isoprenoid quinone is MK-6. The polar lipids are phosphatidylethanolamine, two unidentified aminolipids, four unidentified lipids and a glycolipid. The genomic DNA G+C content is 33.5 mol%.
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